CM 
< 

CO 





4 jggujfijpSisches Patentamt 
Q))J European Patent Office 

Office europeen des brevets 



(12) 



(43) Date of publication: 

05. 04.2000 Bulletin 2000/14 

(21) Application number: 99119055.4 

(22) Date of filing: 30.09.1999 



(n) EP 0 991 189 A2 

EUROPEAN PATENT APPLICATION 

(51) Int. CI. 7 : H03J 7/04 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES R FR GB GR IE IT LI LU 


• Arimitsu, Kazuhiro 


MCNLPTSE 


Minato-ku, Tokyo (JP) 


Designated Extension States: 


• Hirata, Masaru 


AL LT LV MK RO SI 


Minato-ku, Tokyo (JP) 


(30) Priority: 01.10.1998 J P 27991598 


(74) Representative: 


VOSSIUS & PARTNER 


(71) Applicant: NEC CORPORATION 


Siebertstrasse 4 


Tokyo (JP) 


81675 Munchen (DE) 



(54) Method of performing automatic frequency control in a mobile station during 
communication mode 



(57) An AFC process is performed even when a 
mobile station is in a speech communication mode in 
which a data channel is being received by a finger 
receiver. In the speech communication mode, a fre- 
quency error measuring unit measures a frequency 
error of the data channel. An AFC circuit performs an 



AFC process for controlling the frequency of a TCXO, 
i.e., a reference oscillator, using the measured fre- 
quency error. No reception failure occurs even when the 
TCXO suffers frequency fluctuations in the speech com- 
munication mode. 
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Description 

[0001] The present invention relates to a CDMA (Code 
Division Multiple Access) communication system, and 
more particularly to a method of performing .an AFC s 
(Automatic Frequency Control) process in a mobile sta- 
tion in such CDMA communication system. 
[0002] Recent years have seen much attention to a 
CDMA communication system that is highly resistant to 
interferences and disturbances as a mobile communi- 10 
cation system. In the CDMA: communication system, .a, 
transmitting station spreads a user signal to be transmit- 
ted with a spreading cods and transmits the spread sig- 
nal, and a receiving station despreads the spread signal 
using a spreading code whbh is the same as the is 
spreading code used by the transmitting station for 
thereby obtaining the originaluser signal. - f - 
[0003] The receiving i station cannot vdespread, the 
spread signal unless the spreading codes used in the 
transmitting and receiving stations are. synchronized in 20 
phase with each other. To achiave the spreading code 
synchronization, mobile stations of the CDMA commu- 
nication system' use a TCXO (Temperature Controlled- 
Xtal Oscillator) of very high frequency accuracy.as a ref- 
erence oscillator for generating a reference frequency 25 
signal for use ;in modulating :signals received-, from:, a 
base station, and perform an AFC process for equals 
ing the frequency of the reference frequency signal to 
the frequency of a reference frequency signal of the. 
base station which serves as a transmitting station.- r . 30 
[0004] The AFC process is carried out based on a 
pilot symbol contained in data that are transmitted from 
the base station to the mobile station. 
[0005] The physical format of a down link for data 
transmission from a base station to a mobile statipn will _ .35 
be described below with reference to Fig.1 of the 
accompanying drawings. - : : ' . < : . * v V 
[0006] Data transmitted from the base station corn- . . 
prises a plurality of radio frames 31 each having an 
interval of 10 ms. Each of the radio frames 31 com- <o 
prises 16 time slots 32 1 through 32 16 . Each of the time 
slots 32 i through 32 16 contains pilot symbols 33. While 
the pilot symbols 33 have different values depending on 
the time slots 32-j through 32 16 , they have a predeterr. , 
mined pattern. Therefore, the mobile station is capable 45 
of recognizing pi!ot symbols to be transmitted before 
receiving the pilot symbols. There are four pilot symbols 
contained in each time' slot. The mobile station can 
measure a frequency error with respect to the base sta- : 
tion using the four pilot symbols per time slot. . . so 

[0007] The frequency error will be described below 
with reference to Fig.2 of the accompanying drawings. 
In the CDMA communication system, GPSK (Quadra- 
ture Phase Shift Keying) is employed as a primary mod- 
ulation process to be effected on data before the data is 55 
spread, and hence each symbol comprises 2-bit data ; . 
i.e., each symbol takes a vaiue of (0, 0;, (0, .1), (1, 0); on; ■ : 
(1, 1). These values as plotted in ^vector diagram c*rev. - 



shown in Fig.2 : . In Fig.2, the horizontal axis represents 
the magnitude of an In-phase component (I) and the 
vertical axis the magnitude of a Quadrature component 
(Q). In Fig.2, a frequency error between measured data 
91 of a first pilot symbol and measured data 90 of a sec- 
ond pilot symbol is e. 

[0008] Immediately after a mobile station in a CDMA 
mobile communication system is turned on, the mobile 
station performs an AFC process using a BCCH (Broad- 
cast Control Channel). When the frequency error 
between a reference frequency and the frequency of a 
signal received from the base station becomes smaller 
than a certain value, the mobile station determines the 
frequency as locked, and terminates the AFC process. 
[0009] Operation of themobile station after ft has been 
turned on and until it enters a waiting mode will be 
described below with reference to Fig.3 of the accompa- 
nying drawings. When the mobile station is turned on, 
the mobile station receives all BCCHs which can be 
received in step 201 , and identifies a base station which 
is transmitting the BCCH whose field .intensity is great- 
est, i.e., whose S/N , ratio is best, of all the received 
BCCHs, in step 202. A BCCH is a one-way control 
channel for broadcasting control information from the 
base station to the mobile station. 
[001 Q] In step 203. the mobile station transmits infor- 
mation such as of an ID, number of the base station: to 
the base station vie. a RACH (Random, Access Chan-, 
nel). The base station transmits various items of infor- 
mation to the mobile station via a FACH- (Forward 
Access Channel) in step 204.. 

[001 1 ] « The mobile station stores the received informa- 
tion, and enters a waiting mode for receiving a. RCH 
(Paging Channel) from the base station in steps 205, 
206.. 

[0012] If the mobile station is notified of an incoming 
call via the PGH in step 206, then the mobile station 
receives a BCCH to obtain information again from the 
base station in step 207. In step 208, the mobile station 
receiver a DTCH (Data Channel) to begin speech com- 
munications. When the speech communications end, 
the mobile station enters the waiting mode again in 
steps 205, 206. 

[001 3] In step 201 or 202 immediately after the mobile 
station is turned on, the mobile station performs the 
AFC process using the received BCCH . Once the fre- 
quency is looted in the AFC, the mobile station does not 
perform the AFC process again. 

[0014] However, while the mobile station is in speech, 
communication with the base station via the DTCH, the 
frequency of the reference frequency, signal outputted 
from the reference oscillator may fluctuate due to the 
heat generated by an amplifier which generates trans-^ 
mission power. Furthermore, if the speech communica- 
tion mode continues for a long period, of iime, then the 
reference frequency signal may. fluctuate owing to 
changes in the ambient temperature of the mobile sta- 
tion. As a consequence, an error between the reference: 
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frequency of the base station and the reference fre- 
quency of the mobile station becomes greater than a 
certain value due to a change in the frequency of the 
reference frequency signal, so that the mobile station 
tends to fail to properly despread data transmitted from 5 
the base station. 

[0015] It is therefore an object of the present invention 
to provide a method of performing an AFC process in a 
mobile station for preventing received data from failing 
to be despread even if the frequency of a reference 10 
oscillator fluctuates in a speech communication mode 
and even if the phase varies due to fading. 
[001 6] v To achieve the above object, in accordance 
with an aspect of the present inverftion, there is pro- 
vided a method of performing an automatic frequency is 
control process in a mobile station to equalize the fre- 
quency of a reference frequency signal for use in^ 
demodulating a signal received from a base station, 
with the frequency of a reference frequency signal inthe 
basd station. The automatic frequency control process -■ 20 
is carriecTout in a speech communication mode in Which 
a data channel transmitted from said base station is 
being received. 

[0017] Accorcfing to another aspect of the present 
invention, the automatic frequency 1 cbhtrol process- is >25 
carried dirt using a broadcast control channel or a data • s * 
channel in ? a speech communication mode in which the ^ 
data channel transmrtfed from said base station is being 
received. - ~ r ^ u- . ; . ~ 

[001 8] According to stilf another aspect Of the present i * 30 
invention, if a frequency error measured using a data 
channel transmitted from "said base station is greater' 
than a predetermined value, said automatic frequency 
control process is carried out using a broadcast control Ti 
channel in a speech communication mode in which said - as 
data channel is being received. • v • r 

[001 9] With the above arrangements, since the AFG ? 
process is carried out using the data channel or the 
broadcast control channel even in the speech communi- »■ 
cation mode in which 'the data channel is being 
received, ho reception failure-occurs 1 even when a refers r. 
ence oscillator "suffer^frequency fluctuations in the 
speech communication mode. . - : f 

[0020] According to yet- another aspect of the present 
invention; said automatic frequency control process is -45 
carried out using a broadcast control channel when the 
broadcast control channel is received^as instructed ^by 
said base station in a speefch' communication mode in 
which a data channel transmitted from said base station - 
is being received: c - ^ rvyso 

[0021] With the above i arrangement/ inasmuch as" the 
AFC process is carried but using the broadcast control 
channel when the broadcast control channel in the 
speech communication mode in an ordinary processing ■ 
sequence, the AFC process, can be performed without 55 
the heed for no special processing for- receiving the: - >v- 
broadcaist control channei: * - - ? ••■ : ~v& 

[0022] " 'The AFCprocess'may be'carried outby conr on 



trolling a reference oscillator which generates the refer- 
ence frequency signal. 

[0023] The above and other objects, features, and ; 
advantages of the present invention will become appar- 
ent from the following description with reference to the 
accompanying drawings- which illustrate examples of 
the present invention. .-■ 

Fig.1 is a diagram showing the physical format of a 
down link in a CDMA communication system; .- 
Rg.2 is a vector diagram illustrative of a frequency 
error;' • > 

Rg.3 is r « flowchart of an operation sequence of a 
general mobile station j : .. : v.. ... . 

Rg:4 is a block diagram of a* mobile station accord- 
ing to a first embodiment of the present invention, 
Hg.5 is a diagram of a signal format illustrative of 
operation of interpolating: synchronous detectors; / 
Rg;6 r is a vector diagram illustrative of operation of . 
the interpolatingsynchnonous detectors; 
Rg.7 is a block diagram of ah AFC circuit in the 
mobile station shown in Fig:4; 
Rg.8 is^a block diagram^ of a mobile station accord-, 
irig to a second embodiment of the^present invert-. 
~~ tiOn-T-LP" i r 1*?. -wf : '-yd--. .. : - ; . -y . 

Rg.9 cis ailowchart of.$n operation sequence otthe. 
mbbilestatibn^stiown:ih Fig.8; : v 
Rg.10ois a block diagram of a mobile ? station ; 
according' to a third embodiment of the present 
invention; and 

RgrfcUis a block diagram of a mobile station . 
according! to a fourth embodiment of the present 
invention. > . * .**• : ■ 0 

1st Embodiment: . 

[0024] As shown in Fig.4, a mobile station according 
to afirst embodiment of the present invention comprises 
an antenna Ivan RF (Radio. Frequency) unit 10, a mixer 
2, a TGXO 3, an A/D converter 12, nfinger receivers 9 t 
through 9„, a finger receiver *3can AFC cirGurt 5, and a 
rakemixer?. 5 '-v . t , 

[0025] : The finger receivers 9f through 9 n comprise 
respective irCorFetators A\ through 4 n and : respective 
interpolating synchronous detectors 84 through 8 n , 
[0026] The.RF unit 1 0 selects a signal having a certain 
frequencies-. from signals received by the antenna 1, 
amplifies the selected signal, and outputs the amplified 
signals a high-frequency signal. ■. <■ ■ 

[0027] The mixer s multiplies the high-frequency sig- 
nal from the RF.unft-10 by a reference^frequency signal: 
generated by the TQXO .S Jor thereby converting the 
high-frequency Signal into a baseband signal at a chip 
rate. The TCX0t3 joutputs. as the reference frequency 
signal, b signal whose frequency has been controlled by. 
a contra! voltage 24: from the: AFC circuit 5r The A/D. 
converter 12 converts the baseband signal at the chip 
rateJrcmfee mixer 2Hnto a digital signal. . • . ^ 
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[0028] The correlators 4y through 4 n despread the dig- 
ital signal from the A/D converter 12 using a spreading 
code corresponding to a DTCH thereby to demodulate 
DTCH data. The interpolating synchronous detectors 8-, 
through 8 n determine phase 'errors from pilot symbols 5 
contained in desired signals produced by the correlators 
4^ through 4 n , and correct the desired signals so as to 
reduce the phase errors. Operation of the interpolating 
synchronous detectors Si through 8n will be described 
below with reference to Rgs.5 and 6. 10 
[002S] tt is assumed that data are to be transmitted in 
which a pilot symbol 14 in a certain time slot is (0, 0) and 
a pilot symbol 1 5 in a next Jhie slot is also (0, 0). 
[0030] The data whose pilot symbol :^(0, 0) is shown 
at a position {0 ; 0) in-Fig.6 if the data does' not contain ; is 
any phase error in an ideal state: However; if the value 
of the pilot symbol 15 is obtained at a posifibn indicated 
as measured data 40 thbtigrt the value of the pilot sym- 
bol 15 is obtained at the position (0, 0), then it is pre- 
sumed that a phase- error has occurred in ah interval 20 
after the pilot symbol 14 is received" until- the pilot sym- 
bol 1 5 is received: Therefore, the interpolating synchro- 
nous detectors 8 t through 8 n determine thaf measured 
values of other symbols between the symbols 14, 15 
similarly contain a phase error, and correct phase error 25 
components estimated with respect to the obtained vaS- ' 
ues. *' ; "' •-' V " ' ' "'■ : "' '"" " : J r [ 

[0031 ] The rake mixer 7 combines isignals which' have 
been corrected in phase by the interpolating synchro^ 
nous detectors 8-1 through 8 n , aia maximum ratio. r * ' f,,i 30 
[0032] The'f inger receiver 1 3 comprises a correlator 
16 and a frequency error measuring unit 6: r - 1 
[0033] The correlator 1 6 despreads a digital signal ' 
from the A/D converter 12 using a spreading code cor- 
responding to a BCCH for thereby demodulating the 3S 
data ot the BCCH: The frequency error measuring unit 
6 determines a frequency error from a pilotsymbol con- 
tained in a desired signal produced by the correlator 16. 
[0034] As shown in Fig.7, the AFC circuit S i comprises - 
an averaging circuit 23. a comparator 22, and a control 40 
voltage generator 21. '-' r 5 • - 

[0035] 1 Tne averaging circuit 23 determines ah aver- 
age of frequency errors determine by the frequency 
error measuring unit 6. The comparator 22 compares 
the averagerdet^rmihed by the averaging circuit 23 wHh f 45 
a predetermined value. Based on the compared result 
from the comparator 22, the-cdrrtroi voltage generator 
21 generates and outputs a control voitage 24 for con i 
trolling an output frequency from the TGXO 3: The con- 
trol voltage generator 21 : also maintains tfie control so 
voltage 24 ai a constant level after the frequency is 
locked in the AFC circuit 5. 1 • J '" l 

[0036] Operation of the mobile station according to the 
first embodiment will be described in detail below with r 
reference to Fig:4* ' ' ;;' ^ 55 

[0037] An 'RF signal 'from' the i-'afteriria T is frequency- ' 
converted into a chip rate signal by the mixer 2{ and thV * 
chip rate signal is converted into" a digital -Signal b$ fiie , ,? 



A/D converter 12. The digital signal is supplied to the 
finger receivers 9-| through 9 n in which it is despread by 
the correlators 4 t through 4 n to demodulate a DTCH. 
The interpolating synchronous detectors 8<| through 8^' 
remove fading from the DTCH, and the rake mixer 7 
combines the signals at a maximum ratio and outputs 
the combined signal. 

[0038] The BCCH demodulated by the correlator 1 6 is 
supplied to the frequency error measuring unit 6, which 
determines frequency errors. The frequency errors 
determined by the frequency error measuring unit 6 are 
supplied to the AFC circuit 5. In the AFC circuit 5, the 
averaging circuit 23 calculates an average of the fre- 
quency errors supplied from the frequency error meas- 
uring unit 6, and the comparator 22 compares with the 
average with a predetermined valuer The control volt- 
age generator 21 generates and outputs a control volt- 
age 24 for controlling the frequency of the reference 
frequency signal from the TCXO 3 based on the com- 
pared result from the comparator 22. 
[0039] The frequency of the reference frequency sig- 
nal from the TCXO 3 is controlled by the AFC process in 
the AFC circuit 5 to synchronize the chip rate signal 
from the mixer 2 with the reference frequency of the 
base station. * 

[0040] In the mobile station according to the first 
embodiment, since the AFC process using the BCCH is 
carried out even in the speech communication mode, no 
reception failure occurs even if the TCXO 3 suffers fre- 
quency fluctuations ■*. in the speech communication 
mode: ' 1 - ' v • '- ? •'■ : ' *' • 

[0041 ] In the first embodiment, the finger receiver 1 3 
is dedicated to the reception of a BCCH. However/ the 
AFC process may be carried out only when the fre- 
quency error becomes greater than a predetermined 
value. 1 ? " ' 

[0042] ' In the first embodiment, only one finger 
receiver 13 is employed for receiving a BCCH. However, 
if the mobile station has 10 linger receivers, for exam- 
ple, then a plurality ofc e.g., two or three, finger receivers 
may be assigned for receiving a BCCH. Such plural fin- 4 
ger receivers for receiving a BCCH are effective to 
increase the accuracy of an obtained frequency error 
and hence the accuracy of the AFC process. 

2nd Embodiment \ ' 

[0043] A mobile station according to a second emboti 1 
irnerrt of the present invention will be described below 
with reference to Fig. 8. 

[0044] In the first embodiment, the finger receiver 13 
is dedicated to the reception of a BCCH for performing 
the AFC process in the speech communication mode. 
According to the second embodiment, when a fre- 
quency error measured using a DTCH becomes greater 
than a predetermined value, at least one finger receiver 
is switched %orn a DTCH reception mode to a- BCCH 
reception iricde. and tiie' f AFC process is carried out 
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using a BCCH. After the frequency is locked in the AFC 
process, the finger receiver is switched from the BCCH 
reception mode to the DTCH reception mode. With this 
arrangement, unless the . AFC process is performed, the 
number of data-combined by the rake mixer is increased 5 
for improved, reception characteristics. 
[0045] The mobile station according to the second 
embodiment differs from the mobile station according to 
the first embodiment shown in Fig.4 in that the AFC cir- 
cuit 5. is replaced with an AFC-circuit .25, the finger 10 
receiver 13 is replaced with a finger receiver 17, and a 
control unit 26 and a switching unit 27 are newly added. . 
[0046] The finger. receiver l«7 comprises a correlator t. 
16, an. interpolating synchronous detector 8^, and a : 
frequency error measuring unit 6. , 15 

[0047] If a control signal. 29 from the control unit 36 is 
inactive/then the correlator 16 of the finger receiver 17 
despreads a digital signal from the A/D converter 12 
using a spreading code corresponding to a DTCH for 
thereby demodulating the data of the DTCH. K the con- , : 20 
trol signal 29 is active, then the correlator .1 6 despreads , 
a digital signal from the A/D converter 12 using a 
spreading code * corresponding to a BCCH for thereby, 
demodulating the data of the BCCH. 

[0048] If the control signal 29 is inactive, the switching ... 25 t 
unit 27 outputs an output signal from the interpolating. 
synchronous detector to the rake mixer 7< $nd ; jalsc> ... 
outputs a frequency^errar detgrniined the.frequency,, 
error measuring unit 6 to the control ( unit 26. If the corv 
trol signal 29 : is artiy§,,the switching unit 27 does not 30 
output an output signal from the interpolating synchro- 
nous detector 8 n+1 to the rake mixer 20i, and outputs a- ~« 
frequency error determined by. the frequency error 
measuring unit 6 to the AFC circuit 25. - 
[0049] The AFC circuit 25 functions in the same man- .35 , 
ner as the AFC circuit 5 shown in Fig.4, and also func- s ra- 
tions to output an AFC lock signal 28 . when the .;.- 
frequency is locked in ,the AFC circuit 25. The control. ., 
unit 26 is supplied with a frequency error from :( the fre- ; 
quency error measuring unit 6 via the switching uni|27. : 40 
If the frequency error becomes greater tharj predeter/^ 
mined valueiV then the. cprrtrol uni| 26 rrtak^s the cpritr6l r. :; 
signal 29 active* ^causing *he ^FQci/cuit 25 to stad-ttie n ; 
AFC process. When the AFC circuit 25 outputs the AFC . 
lock signal 28 and the control unit 26 detects when the 45 
frequency is locked in the AFC circuit 25, the.qpntrol unitr^ 
26 makes the control signal 29 inactive. 
[0050] An operation sequence of finger receiver 17 of •> 
themcfcile station according to the second, embodiment. f 
will be described below with reference to .Fig»9,. The:. ^jso . 
operation sequence shown. in Fjg.9 is executed in step, 
208 of the flowchart shown infig.3,- . fr , :> . , =. »: 
[0051 ] When the mobile station^ receives a^ DTCH s in 
step 60 1 . the control unit 26 measures a frequency ; error , 
of the. DTCH in step 602. TTie .control .unit 26. then it 55 •■. 
decides whether the measured, fr^uerjcy:; error - : 
greater than a predetermined value or rpt in,^ep,6(^.., !f . 
the frequency erroc is greatqr.than the. p^.0ermjr?ed 



value, then the controlunit 26 makes the control signal 
29 active in step 604. Since the control signal 29 
becomes active, the finger receiver 17 is switched from 
a DTCH reception mode, to a BCCH reception mode. 
The control unit 26 controls, the switching unit 27 such 
that the switching gnit 27 does not output an output sig- 
nal from the interpolating synchronous detector 8 n+1 to 
the rake mixer 7, and outputs a frequency: error deter- 
mined by the frequency error measuring unit .6 to the 
AFC circuit 25. j : -> r 

[0052] In step 605, the.AFG circuit 25 performs the 
AFC process using -a BCCH. The ,AFQ circuit. 25 
decides whether, the frequency is locked in the. AFC 
processs pr ? npt in step ,606. : tf ttje frequency is locked in: 
the AFC, process, then the AFC circuit 25 outputs, an 
AFC lock signal _28, and the control unit ( 26 makes the 
control signal 29 inactive in j^tep 6|07. Since the control 
signal, 2^ ; bewmes inactive, the finger receiver 17 is. 
switched from^the BCGHjecpption mode to the DTCH 
rec^ption.rr^ 

ing.Mnit27;jtp oLrtputi^pi^ut sjgnal from the interpo- 
lating, :Sy^<^rprK^s^etectp^ 8m t *9 ^ e >. r **? mixer~7, 
and^!sp r putpijt; the r fr^uency «rwc determined by the 
frequency er^ .measuring gnit-^ to the control unit 26. 
[0053] ,Vyhile,the BCCH j§ being received byrthefinger 
rec^ef,47:.ir*tte^ 

the finger receivers 9^ through 9 n is receiving the 
DTCH, and. rjepce; the s^echjcommunication mode is 
continuing -t 0 i >j<- .1 ,-. 

[0054] r «in : the second ^embodiment, only one finger 
receiver: 1^7 is ^rnplpy^d for receiving 9 E^CH, However, 
if the mobile station has 10 -finger receivers, -for exam* 
ple,;thep aplurality erf, %g>, two or three, finger receivers . 
may be^ignqdlgr receivings a BCCH. Such plural fid- 
get receiyers". ^ ,S?pe'^H9. ^ 6CCH-§re effective to 
increase tiji^g^ frequency error 

and hj^ce;^^(xuracy ofjthe ^FC process- , .-• ... 

3rd#rr^imerrt: ... . c - ■-•■r.-. j m 

[0055] A mobile station according to a third embodi- 
ment of the present inversion will be described below- 
with - refer, enpe fo Fig . 1 6 . ? ^ ; : ; T ' - h . . ; V . 
[005p] ; tn. th^f irst arxj second embocjiments^ at least . 
one finger .r^c^yer .i^ provided for . 

receiving a BQCJH in the speech communication mode 
for,perfocming>tt}e f "AFC process. If the first and second - 
embodiments arp applied without reducing the number 
of .finger receivers for, receiving a DTCH, then the 
number of finger receivers will, be increased, necessar- 
ily resulting iq anjRcrease in the current consumption. . . 
[0057] The mobile station according to .the thi/d 
embqd^ent^is^Hd.^gned. to solve the above problem, 
i.e„ ): to perfprm^.^etAFp process in.the speech commu- 
nication mode without increasing the current consump- 
tion^e.Jfttfie ^FC^pwcess performed using the DTCH.- 
[OQ^^^shpwn in-£ig.iq, tfie niobile station accord r 
in9>t9 ^ iftirjd^enib^m^ differs from the : mobile sja- , 
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tion shown in Fig.4 in that the finger receivers 9^ 
through 9 n are replaced with finger receivers 
through 19 n , the finger receiver 13 is deleted, and a rake 
mixer 20 is newly added. The finger receivers 19-, 
through 19 n differ from the finger receivers 9^ through 
9 n shown in Fig.4 in that they additionally have respec- 
tive frequency error measuring units 6-| through 6 n . 
[0059] The frequency error measuring units 6-, 
through 6 n determine frequency errors from pilot sym- 
bols contained in desired signals produced by the corre- 
lators 4i through 4 n . The rake mixer 20 combines 
frequency error signals from the frequency error meas- 
uring units 6i through 6 n at a maximum ratio. 
[0060] The frequency errors which are combined by 
the rake mixer 20 are supplied to the AFC circuit 5, 
which generates a control voltage 24 for controlling the 
frequency of the reference frequency signal from the 
TCXO 3. The AFC circuit 5 may perform the AFC proc- 
ess at all times based on the frequency error, but should 
preferably perform the AFC process if the frequency 
error exceeds a predetermined value. 
[0061] In this embodiment, since the AFC process can 
be performed while in the speech communication mode 
with the n finger receivers 19! through 19 n receiving a 
DTCH, it is not necessary to provide a finger receiver for 
receiving a BCCH. Thus, the AFC process can be 
achieved in the speech communication mode without 
increasing the current consumption. 
[0062] In the speech communication mode, the trans- 
mission power of a down link from the base station to 
the mobile station is controlled so as to be constant in 
the mobile station. Therefore, the reception power at the 
time the DTCH is received is constant as compared with 
the reception power at the time other channels such as 
the BCCH are received, so that the effect of fading, etc. 
is suppressed. Consequently, the reliability of data at 
the time the DTCH is received is higher than the reliabil- 
ity of data at the time other channels such as the BCCH 
are received, with the result that the AFC process can 
be performed highly accurately using the DTCH. 
[0063] In Fig.10, all the n finger receivers 19-| through 
1 9 n determine frequency errors, which are combined by 
the rake mixer 20 for the AFC process. However, since 
the reliability of data at the time the DTCH is received is 
high, the AFC process can be performed in the speech 
communication mode even with at least one finger 
receiver for determining a frequency error. 
[0064] While the mobile station is in the speech com- 
munication mode receiving a data channel transmitted 
from the base station, the mobile station may receive a 
broadcast control channel as instructed by the base sta- 
tion, tn this case, the mobile station may perform the 
AFC process using the broadcast channel in the speech 
communication mode without changing the ordinary 
processing. 



4th Embodiment: 

[0065] As shown in Fig. 11, a mobile station according 
to a fourth embodiment of the present invention differs 

5 from the mobile station according to the third embodi- 
ment shown in Fig.10. in that the finger receivers 19i 
through 19 n are replaced with finger receivers 9-| 
through 9 n , respectively, and a frequency error measur- 
ing unit 6 is newly added. 

10 [0066] According to the fourth embodiment, the rake 
mixer 20 combines and outputs signals despread by the 
correlators 4-t through 4 n at a maximum ratio. The fre- 
quency error measuring unit 6 according to the fourth 
embodiment measures a frequency error of the output 

15 signal from th2 rake mixer 20 at all times or periodically, 
and outputs the measured frequency error to the AFC 
circuit 5. 

[0067] In the third embodiment shown in Fig.10, fre- 
quency errors are measured from the signals despread 
20 by the finger receivers 19^ through 19 n , and combined 
at a maximum rstio. Therefore, the finger receivers. 19! 
through , 19 fl require the respective frequency error 
measuring units 6-. through 6 n . 

[0068] According to the fourth embodiment, however, 
25 the signals despread by the finger receivers 9-j through 
9 n are combined at a maximum ratio by the rake mixer 
20, and thereafter, the frequency error measuring unit 6 
measures a frequency error of the output signal from 
the rake 1 mixer 20. Consequently^ the mobile station 
30 according to the fourth embodiment performs the same 
function, as the mobile station according to the third 
embodiment with the single frequency error measuring 
unit. 

35 Claims 

1. A method cf performing an automatic frequency 
control process in a mobile station to equalize the 
frequency of a reference frequency signal for use in 

40 demodulating a signal received from a base station, 
with the frequency of a reference frequency signal 
in the base station, comprising the step of; 

. carrying out saie automatic frequency. control 
45 ■ process in a speech communication mode in 

which a data channel transmitted from said 
. base station is being received 

2. s A method of performing an automatic frequency 
so - control process in^a mobile station to equalize the 

frequency of a reference frequency signal for use in 
demodulating a signal received from a base station, 
with the frequency of a reference frequency signal 
in the base station, comprising the step of: 

55'' 

carrying out said automatic frequency control 
process using a broadcast control channel in a 
speech communication mode in which a data 
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channel transmitted from said base station is 
being received. 

3. A method of performing an automatic frequency 
control process in a mobile station to equalize the s 
frequency of a reference frequency signal for use in 
demodulating a signal received from a base station, 
with the frequency of a reference frequency signal 

in the base station, comprising the step of: 

if a frequency error measured using a data 
channel transmitted from said base station is - 
greater than a predetermined value, carrying 
out said automatic frequency control process 
using a broadcast control channel in a speech ?5 
: communication mode in. which said data chan- 
nel is being received. 

4. A method of performing an automatic frequency r j 
control process in a mobile station to equalize the 20 < v 
frequency of a reference frequency signal for use. in 
demodulating a signal received from a base station^ 

with the frequency of a reference frequency signal . ,- m 

in the base station, comprising the step of:: :\ * ; :'-y 3 7 

■ .. ■:■ • : : • -: . • , 25 x \ 

•■ ^ carrying out said automatic frequency control 0 
process using a broadcast controt channel 
when the broadcast control channel is received 
as instructed by said base station in a speech-... ? 
^ 'communidationr mode, in which a data channels &o : • v 

h transmitted^ from, said base, station is being v 
/ : received: - v;. . ■> r:*:* 

5. A method of performing an automatic frequency 
control process in a mobile station to equalize the "35 
frequency of a reference frequency signal for use in 
demodulating a signal received from a base station, , ■ : , 
with the frequency^ a reference frequency signal 

in the base station, comprising the step of: .• ■ 

carrying out said automatic frequency control 
process using a datarchannel transmitted from *< 1 r- 

said base station in a speech communication 
mode in which said data channel is being 
. received. -i * - '* - 45 _ .,.;.•<• 

6. A method according to claim 1 , 2, 3, 4,or 5, wherein 

said step of canying out said automatic frequency .> 
.. control process.comprises the, step of controlling a .: 
' : reference oscillator which generates said reference so ^ 
" frequency signaL - -*-vrv t 
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